Introduction
Let K be a complete discrete valuation field of mixed characteristic (0, p) with residue field F which may be imperfect, G K be its absolute Galois group and I K be its inertia subgroup. Let G be a finite flat group scheme over O K . When G is monogenic, that is to say, when the affine algebra of G is generated over O K by one element, it is well-known that the tame characters appearing in the I K -module G(K) are determined by the slopes of the Newton polygon of a defining equation of G ( [15, Proposition 10] ).
On the other hand, for an elliptic modular form f of level N prime to p, we also have a description of the tame characters of the associated mod p Galois representationρ f ([10, Theorem 2.5, Theorem 2.6], [9, Section 4.3] ). This is based on Raynaud's theory of prolongations of finite flat group schemes or the integral p-adic Hodge theory. However, for an analogous study of the associated mod p Galois representation of a Hilbert modular form over a totally real number field, we encounter a local field of higher absolute ramification index. In this case, these two theories no longer work well and we need some other techniques.
In this paper, to propose a new approach toward this problem, we generalize the aforementioned result of [15] to the higher dimensional case using the ramification theory of Abbes and Saito ( [2] , [3] ) and determine the tame characters appearing in G(K) in terms of the ramification of G without any restriction on the absolute ramification index of K. Namely, we show the following theorem. In view of the following corollary, we can regard this theorem as a counterpart for finite flat group schemes of the Hasse-Arf theorem in the classical ramification theory.
Corollary 1.2. Let L be an abelian extension of K. Suppose that its integer ring O L is a G-torsor over O K . Then the denominator of every jump of the upper numbering ramification filtration {Gal(L/K)
j } j∈Q >0 ( [2] ) is a power of p.
To prove the main theorem, we firstly show that the tubular neighborhood of G can be chosen to have a rigid analytic group structure. Passing to the closed fiber, we realize the graded piece of the ramification filtration of G as the kernel of an etale isogeny of the additive groupsḠ r a overF . Then we determine the tame characters by comparing the I K -action on the graded piece with theḠ m -action onḠ r a given by the multiplication. As an appendix, we also give an explicit formula for the conductor of a Raynaud F-vector space scheme over O K ([14] ).
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Review of the ramification theory of Abbes and Saito
Let K be a complete discrete valuation field with residue field F which may be imperfect. Set π = π K to be an uniformizer of K. The separable closure of K is denoted byK and the absolute Galois group of K by G K . Let mK andF be the maximal ideal and the residue field of OK respectively. In [2] and [3] , Abbes and Saito defined the ramification theory of a finite flat O K -algebra of relative complete intersection. In this section, we gather the necessary definitions and briefly recall their theory.
Let A be a finite flat O K -algebra and A be a complete Noetherian semi-local ring (with its topology defined by rad(A)) which is of formally smooth over O K and whose quotient ring A/rad(A) is of finite type over
For an embedding (A → A) and j ∈ Q >0 , the j-th tubular neighborhood of (A → A) is the K-affinoid variety X j (A → A) constructed as follows. Write j = k/l with k, l non-negative integers. Put I = Ker(A → A) and A 
. This affinoid variety is geometrically regular ([3, Lemma 1.6]).
We put
Here π 0 (X)K denotes the set of geometric connected components of a K-affinoid variety X and the projective limit is taken in the category of embeddings of A. Note that the projective family 
If L/K is Galois, the Galois group Gal(L/K) acts on it by the functoriality of the unit disc for the supremum norm. We have the 
) in G of the kernel of this homomorphism. It is called the j-th ramification filtration of G. We refer c(B) as the conductor of G, which is denoted also by c(G). We put
3. Group structure on the tubular neighborhood of a finite flat group scheme Let K denote a complete discrete valuation field of mixed characteristic (0, p) whose residue field F may be imperfect and v K the valuation of K extended toK which is normalized as v K (π) = 1. Let G = Spec(B) be a connected finite flat group scheme over O K . We define a formal resolution of G to be a closed immersion G → Γ of (profinite) formal group schemes over O K , where Γ = Spf(B) is connected and smooth. Such an immersion can be constructed as follows. By a theorem of Raynaud ([4, Théorème 3.1.1]), we can find an abelian scheme A over O K and a closed immersion of group schemes G → A. Taking the formal completion of A along the zero section, we get a formal resolution of G. We refer the relative dimension of Γ over O K as the dimension of a formal resolution (G → Γ). We define a morphism of formal resolutions to be a pair of group homomorphisms (f, f ) which makes the following diagram commutative.
Note that a formal resolution of G is also an embedding of B in the sense of Section 2. We say (f, f ) is finite flat if this is finite flat as a map of embeddings ( [3] ). Consider the j-th tubular neighborhood X j (B → B) of the embedding (B → B), which we also write as X j (G → Γ). The following lemma, whose first part is implicit in [1] , enables us to introduce a group structure on this affinoid variety.
Lemma 3.1. Let (A → A) and (B → B) be embeddings of finite flat
O K -algebras. Put C = A⊗ O K B and C = A ⊗ O K B. Then the surjec- tion C → C is
also an embedding and we have a canonical isomorphism
X j (C → C) → X j (A → A) × K X j (B → B). Moreover,
this isomorphism extends to a canonical isomorphism between their stable normalized integral models
Proof. By the functoriality of a tubular neighborhood, we have an affinoid map Φ :
. To see that Φ is an isomorphism, we may replace K with a finite separable extension and suppose that A and B are local, j is an integer and A/rad(A) = B/rad(B) = F . Then we may identify A with
Let L be a finite extension of K where the stable normalized integral models of 
Then the group structure of Γ induces a rigid K-analytic group structure on the tubular neighborhood X j (G → Γ). This group structure also extends to
) and endows it with a π-adic formal group scheme structure over OK (resp. an algebraic group structure overF ).
Moreover, for a morphism of formal resolutions
is a homomorphism of rigid K-analytic groups. This homomorphism also extends to their stable normalized integral models as a homomorphism
OK of π-adic formal group schemes and to their geometric closed fibers as a homomorphismX
Let G = Spec(B) be a connected finite flat group scheme over O K and (G → Γ = Spf(B)) be a formal resolution of dimension r. Set Spf(A) = Γ/G and regard the zero section Spec(O K ) → Spf(A) as a formal resolution of the trivial group. Then we have a finite flat map of formal resolutions
By Corollary 3.2 and [3, Lemma 1.8], we get a finite flat map of rigid 
) and its geometric closed fiber byX 
Since we have a commutative diagram with TAME CHARACTERS AND RAMIFICATION OF FINITE FLAT GROUP SCHEMES 7 surjective horizontal arrows and injective vertical arrows
). This can be regarded as a closed
. We must show µ(J ) ⊆ K. This follows from the commutative diagram below whose rows are exact and vertical allows are injective.
Passing to the generic fiber, we see that the second assertion holds.
Lemma 3.5. The associated homomorphismf
Proof. From Lemma 3.3, the associated affinoid map 
and Noetherian, we see that Ω
is finite etale. Let0 be the zero section ofD r,j and set We call this the geometric monodromy action of I K and write the action of σ ∈ I K as σ geom (note that here we follow the terminology in [2] , and not in [3] where the monodromy action is called arithmetic, since in our case there is no "geometric" action other than the monodromy action). Similarly, we have the geometric monodromy action of I K onD r,j . The latter action is described as follows. Let the additive group (resp. multiplicative group) overF be denoted byḠ a (resp.Ḡ m ). (F [T 1 , . . . , T r ] ). For j ∈ Q >0 , we define the fundamental character θ j : 
Proof. Put
in this O L -algebra. This shows the first assertion.
On the other hand, we know the geometric monodromy action on is regular and connected, we see thatC is also regular and connected by [13, Theorem 23.7] . HenceC = 0 and we have ψ = 0. The following theorem can be regarded as a generalization for a finite flat group scheme over O K of the structure theorem of the graded piece of the classical upper numbering ramification filtration. From this theorem, we see that the inertia subgroup I K acts on
by the direct sum of tame characters. The theorem below determines these characters up to p-power exponent.
Theorem 4.8. Let G be a finite flat group scheme over
Proof. We may assume that G is connected. The same argument as in the proof of Theorem 4.7 using the Herbrand theorem reduces the claim to the case where j = c = c(G). Take a formal resolution (G → Γ) of dimension r. Let J and τ be as in Corollary 4. For the rest of this section, we state some corollaries in the case where G is an F-vector space scheme of rank one or two for a finite extension F over F p . In the case of rank one, Theorem 4.8 directly shows the claim below, while this can be shown also as a corollary of a determination of the conductor of a Raynaud F-vector space scheme (Theorem 5.5). 
